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The authors further analyzed results from the Women’s Health Initiative randomized trials (1993-2004) of
conjugated equine estrogens, with or without medroxyprogesterone acetate, focusing on health benefits versus
risks among women who initiated hormone therapy soon after menopause. Data from the Women’s Health Initia-
tive observational study (1993-2004) were included in some analyses for additional precision. Results are pre-
sented here for incident coronary heart disease, stroke, venous thromboembolism, breast cancer, colorectal
cancer, endometrial cancer, or hip fracture; death from other causes; a summary global index; total cancer; and
total mortality. Hazard ratios for breast cancer and total cancer were comparatively higher (P < 0.05) among
women who initiated hormone therapy soon after menopause, for both regimens. Among these women, use of
conjugated equine estrogens appeared to produce elevations in venous thromboembolism and stroke and a
reduction in hip fracture. Estrogen plus progestin results among women who initiated use soon after menopause
were similar for venous thromboembolism, stroke, and hip fracture but also included evidence of longer-term
elevations in breast cancer, total cancer, and the global index. These analyses provide little support for the
hypothesis of favorable effects among women who initiate postmenopausal estrogen use soon after menopause,
either for coronary heart disease or for health benefits versus risk indices considered.

clinical trial; cohort studies; estrogens; estrogen replacement therapy; hormone replacement therapy; medroxy-
progesterone 17-acetate; postmenopause; progestins

Abbreviations: CEE, conjugated equine estrogens; CHD, coronary heart disease; MPA, medroxyprogesterone acetate; WHI,

Women’s Health Initiative.

Editor’s note: An invited commentary on this article ap-
pears on page 24.

The Women’s Health Initiative (WHI) randomized
controlled trials—trials of the use of 0.625 mg/day of
conjugated equine estrogens (CEE) among 10,739 posthys-
terectomy women and CEE plus 2.5 mg/day of medroxy-
progesterone acetate (MPA) among 16,608 women with an
intact uterus—were designed to examine the effects of hor-
mone therapy on coronary heart disease (CHD) risk and

overall health benefits versus risks. The trial design pro-
jected a major reduction in CHD risk, based on observa-
tional studies, for both regimens. Recruitment into both
trials took place during 1993-1998. The CEE/MPA trial
was stopped early in 2002 (1-8), after an average of 5.6
years of follow-up, on the basis of an elevation in breast
cancer incidence in conjunction with an unfavorable global
index—defined as time to incident CHD, stroke, pulmonary
embolism, breast cancer, colorectal cancer, endometrial
cancer, or hip fracture or to death from other causes. As
aresult, the potential use of this regimen for primary disease
prevention was much reduced, and interest began to focus
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on the safety and efficacy of relatively short-term hormone
therapy among recently postmenopausal women. This focus
intensified after the CEE trial was also stopped early in 2004
(9-15), after an average of 7.1 years of follow-up, on the
basis of an elevation in stroke in conjunction with a limited
likelihood of demonstrating a CHD benefit. The global in-
dex in the CEE trial, defined as above but without endome-
trial cancer, differed little between randomization groups,
reflecting a balance of health benefits and risks (9).

Among women who were assigned to active hormone
therapy and reported no prior hormone therapy, only 10%
in the CEE trial and 17% in the CEE/MPA trial were within
5 years of menopause at randomization. As such, effects of
hormone therapy could not be estimated with precision for
these important subsets. An additional sizeable group of
women had used hormones prior to WHI enrollment and
had either stopped hormone use or chosen to undergo
a 3-month washout period prior to randomization. Approx-
imately 84% of these women first initiated hormone therapy
within 5 years following menopause in both the CEE and
CEE/MPA trials. These women contribute information on
health effects among women who initiate hormone therapy
soon after menopause, particularly concerning benefits and
risks some years after first use of hormone therapy.

The WHI observational study, carried out among 93,676
postmenopausal women in the same age range (50-79 years)
at enrollment in 1993-1998, is available as an additional
source of information on the health effects of these regimens.
Women in the observational study were drawn from the same
populations as the clinical trial women, and many elements
of the protocol were common to the 2 WHI components.
These included much baseline questionnaire and interview
data, as well as the clinical outcomes ascertained and most
aspects of the outcome ascertainment methods (16).

Results from joint analyses of clinical trial and observa-
tional study data have been reported for cardiovascular dis-
ease in relation to CEE/MPA (17) and CEE (18); hazard ratio
estimates were in agreement between the clinical trials and
the observational study for CHD and venous thromboembo-
lism after allowing for confounding and time since hormone
therapy initiation, though there was lesser agreement for
stroke. Allowance for duration of hormone therapy use is
essential in such analyses, since hormone therapy users in
the observational study had often been on the regimen re-
ported at enrollment for several preceding years, and hazard
ratios declined with increasing duration of use for both CHD
and venous thromboembolism. Similar analyses have been
conducted for invasive breast cancer (19, 20). Hazard ratios
were higher in the observational study than in the clinical
trials for both CEE and CEE/MPA, even after consideration
of confounding and duration of use. This residual discrep-
ancy could be explained, however, by higher breast cancer
hazard ratios among women who first used hormone therapy
soon after menopause, as compared with those who initiated
hormone therapy following a lengthy “gap” time. These
analyses, suggesting comparatively unfavorable breast can-
cer effects among recently postmenopausal women, contrast
with corresponding results for CHD (21) and coronary cal-
cification (22) that may suggest more favorable effects
among younger, recently postmenopausal women. A
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“postmenopausal estrogen timing hypothesis,” suggesting
that estrogens have favorable effects on CHD in recently
postmenopausal women but null or harmful effects among
older women, has been debated recently (23, 24), with WHI
data being central to both sides of the argument. Of course,
evaluation of a broader timing hypothesis involving a range
of health effects is needed for decision-making concerning
use of hormone therapy and is a major focus of this paper.

We analyzed the effects of CEE and CEE/MPA (particu-
larly longer-term effects), when initiated soon after meno-
pause, on a range of clinical outcomes, including the global
index described above, as well as total invasive cancer in-
cidence and total mortality. The analyses used both WHI
clinical trial data and combined WHI clinical trial and ob-
servational study data.

MATERIALS AND METHODS
Study cohorts and prior hormone therapy

The cohorts examined here were the same as those de-
scribed in previous reports (19, 20). The CEE clinical trial
cohort comprised the 4,493 (84.6%) women assigned to
active CEE and the 4,636 (85.4%) women assigned to pla-
cebo with a known age at menopause and a known age at
first use of hormone therapy among prior hormone therapy
users. A corresponding observational study subcohort of
20,117 women who had undergone hysterectomy prior to
enrollment was also included. These women were either
using the same 0.625 mg/day CEE regimen (10,582 women)
as the women in the CEE trial or were not using any hor-
mone therapy (9,535 women) at the time of WHI enroll-
ment. To enhance comparability with the clinical trial
eligibility criteria, we required these women to be without
a personal history of breast cancer and to have had a mam-
mogram within 2 years prior to enrollment. They were also
required to have a known age at menopause and a known
age at first use of hormone therapy. The same criteria led to
the inclusion of 7,679 (90.3%) women assigned to active
CEE/MPA and 7,509 (92.7%) women assigned to placebo in
the CEE/MPA trial and to a subcohort of 30,942 women
with an intact uterus at observational study enrollment,
which included 6,756 women who were using the same
CEE/MPA regimen (0.625 mg/day of CEE plus 2.5 mg/day
of MPA) studied in the CEE/MPA trial and 24,186 women
who were not using any hormone therapy at the time of
enrollment.

Information on lifetime hormone use was obtained from
clinical trial and observational study women at baseline by
trained interviewers, assisted by structured questionnaires
and charts displaying colored photographs of various hor-
mone preparations. Detailed information was obtained on
type of preparation, estrogen and progestin doses, schedule,
and route of administration. Ages at starting and stopping
the use of each preparation were recorded.

Follow-up and outcome ascertainment

Clinical outcomes were reported semiannually in the clin-
ical trials and annually in the observational study (16).
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Medical record documentation of these self-reports was ob-
tained and diagnoses were confirmed at WHI clinical centers
by physician adjudicators who were blinded to randomiza-
tion assignment. In the clinical trials, all locally confirmed
CHD, stroke, and venous thromboembolic events and deaths
were further adjudicated by a central committee. A fraction
of locally confirmed CHD and stroke events and deaths
among observational study women were also centrally ad-
judicated, with good agreement being found (17) between
local and central review. All locally confirmed breast, co-
lonic, rectal, ovarian, and endometrial cancers and all hip
fractures in both the clinical trials and the observational
study were centrally reviewed and classified at the WHI
Clinical Coordinating Center. Centrally adjudicated data
were used here for centrally reviewed clinical outcomes;
otherwise, locally determined outcome data were utilized.

Information on adherence to study hormone pills was
obtained semiannually in the clinical trials, and information
on the use of hormone therapy was updated annually by
questionnaire in the observational study.

Statistical methods

Statistical methods and variable definitions were as de-
fined in our previous reports (19, 20), where additional de-
tail may be found. Briefly, follow-up in the hormone therapy
trials continued through the end of the respective interven-
tion periods, while corresponding observational study sub-
cohorts were followed through December 15, 2004 (CEE)
and February 28, 2003 (CEE/MPA), to produce correspond-
ing average follow-up periods of 7.1 years and 5.5 years,
respectively.

Age at menopause was defined as the lesser of 60 years,
the age at which a woman had last had menstrual bleeding,
the age at which a woman had undergone bilateral oopho-
rectomy, or the age at which a woman had begun using post-
menopausal hormone therapy. Age at menopause was
considered missing if ages at last menstrual bleeding, bilat-
eral oophorectomy, and hormone therapy initiation were
each unavailable. Age at first use of hormone therapy was
obtained from baseline interviews, and the “‘gap time”” from
menopause to first use of hormone therapy was calculated as
the difference between these 2 ages.

Time from WHI enrollment was the ‘basic time vari-
able” in Cox regression analyses (25) that stratified the data
on cohort (clinical trials vs. observational study) and base-
line age (in 5-year categories). Event times were censored
when a woman first exceeded 2 years without a mammo-
gram. Effects of hormone therapy are presented in terms of
estimated hazard ratios. Hazard ratios among adherent
women were obtained using these same methods, while
censoring follow-up for a woman 6 months after a change
from baseline hormone therapy user status, as in previous
reports.

We addressed confounding in the observational study by
including standard risk factors for each outcome in Cox
regression models (listed in Web Table 1, which is posted
on the Journal’s Web site (http://aje.oxfordjournals.org/)).
The set of risk factors to include was the same as in previous
reports for cardiovascular disease and breast cancer (17-20)

and was otherwise based on the knowledge and experience
of the investigator group, prior to data analysis. Observa-
tional study women who had missing values for any of the
potentially confounding factors were excluded from corre-
sponding analyses.

Cox model baseline incidence rates were also stratified
on prior hormone therapy in combined clinical trial and
observational study analyses. Confounding factor coeffi-
cients in the observational study were estimated separately
in the prior-hormone-therapy and no-prior-hormone-therapy
groups.

Prior hormone therapy use in the clinical trials and in the
non-hormone-therapy groups in the observational study was
defined relative to the time of WHI enrollment. Prior use for
hormone therapy users in the observational study was de-
fined relative to the beginning of the hormone therapy epi-
sode that was ongoing at enrollment. Going back in time,
a change in hormone regimen or a usage gap of 1 year or
longer defined a new hormone therapy episode.

Nominal 95% confidence intervals are presented for haz-
ard ratio parameters, and 2-sided P values are reported.

RESULTS

Both the clinical trials and the observational study pro-
vided data on the health effects of these regimens among
prior hormone therapy users and nonusers (Table 1).
Regardless of baseline uterine status, age-adjusted incidence
rates among nonuser groups without prior hormone therapy
were comparable in the clinical trials and the observational
study, with CHD (higher in the clinical trials) and death
from other causes (higher in the observational study) being
exceptions.

Clinical trial women without prior hormone therapy typ-
ically had much larger gap times from menopause to first
use of hormone therapy than did clinical trial women with
prior hormone therapy or observational study women with
or without prior hormone therapy (Table 2).

Table 3 shows hazard ratio estimates for CEE and CEE/
MPA from the clinical trials classified according to prior
hormone therapy and gap time from menopause to first
use of hormone therapy (<5 years vs. >5 years). Hazard
ratio estimates are not presented if there were fewer than
4 events among hormone therapy users. Most information
on CEE effects among women who started hormone therapy
within 5 years following menopause was derived from
women who had used hormone therapy prior to WHI enroll-
ment. Data from these women suggested possible elevations
in risk of stroke, venous thromboembolism, the global in-
dex, and total mortality and a possible reduction in hip
fracture risk with CEE. Only for the global index, however,
was there evidence (P = 0.05) of less favorable results for
women with relatively short gap times as compared with
longer gap times (<5 vs. >5 years). These results may have
been influenced by the nature and duration of the hormone
therapy used prior to randomization. Table 3 also provides
some evidence for an increase in CHD and venous throm-
boembolism with CEE/MPA among women who started
hormone therapy within 5 years of menopause. Also note
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Table 1.

Age-adjusted Incidence Rates for Selected Clinical Outcomes, According to Prior* Use of Hormone Therapy and Use of Conjugated

Equine Estrogens (Posthysterectomy Women) or Conjugated Equine Estrogens/Medroxyprogesterone Acetate (Women With Intact Uterus), in
the Women’s Health Initiative Hormone Therapy Clinical Trials and Corresponding Observational Study Subcohorts, 1993-2004

Clinical Trials

Observational Study

No Prior HT Prior HT No Prior HT Prior HT
Women Without Uterus
Placebo CEE Placebo CEE Nonuser CEE Nonuser CEE
No. of women 1,977 1,952 2,659 2,541 5,106 8,677 4,429 1,905
Average age, years 64.1 63.8 63.4 63.6 65.0 63.4 65.7 64.2
Incidence rate® (no. of cases):
Coronary heart disease 7.07 (98) 5.79 (83) 4.28 (79) 5.05 (89) 4.33 (171) 2.45 (147) 3.42(123) 2.73(38)
Stroke 3.05 (43) 4.67 (68) 3.61 (67) 4.43 (78) 3.31 (122) 2.89 (171) 3.16 (117) 3.73(52)
Venous thromboembolism 2.49 (32) 2.70 (32) 2.04 (38) 3.31 (59) 2.23 (93) 1.68 (101) 1.97 (65) 1.23 (18)
Invasive breast cancer 3.73 (49) 2.28 (30) 2.67 (50) 2.56 (46) 3.22 (122) 3.81 (235) 3.12(99) 3.48 (51)
Invasive colorectal cancer 1.52 (22) 1.65 (23) 1.21 (23) 1.47 (26) 1.31 (54) 0.73 (46) 0.86 (33) 1.66 (24)
Hip fracture 1.89 (24) 1.53 (21) 1.95 (35) 0.95 (17) 1.38 (48) 0.96 (58) 1.28 (51) 1.66 (21)
Death from other causes 4.78 (67) 5.51 (69) 4.52 (84) 4.79 (85) 6.58 (246) 457 (274) 6.23 (223) 4.63 (62)
Global index 21.57 (300) 20.82 (285) 17.20 (320) 19.44 (345) 19.70 (753) 15.32 (928) 18.41 (650) 17.11 (237)
Total invasive cancer 10.54 (148) 9.25(131) 9.15(171) 8.87(158) 10.15(386) 9.23 (571) 10.33(348) 9.73 (138)
Total mortality 8.50 (119) 8.17(106) 6.70 (124) 7.93 (140) 9.29 (357) 6.38 (382) 9.11(330) 6.55(87)
Women With Uterus
Placebo CEE/MPA Placebo CEE/MPA Nonuser CEE/MPA Nonuser CEE/MPA
No. of women 5,427 5,450 2,082 2,229 18,526 5,710 5,660 1,046
Average age, years 63.6 63.7 63.0 62.6 64.7 60.7 64.8 64.3
Incidence rate® (no. of cases):
Coronary heart disease 3.52(198) 3.92(116) 2.66 (31) 4.33 (52) 2.76 (306) 2.07 (50) 2.53 (92) 1.70 (10)
Stroke 2.42 (74) 3.36 (96) 2.48 (27) 2.81 (34) 2.17 (245) 1.65 (37) 2.31 (84) 1.42 (8)
Venous thromboembolism 1.58 (43) 3.62 (110) 2.04 (23) 3.32 (40) 1.64 (186) 2.35 (60) 1.72 (59) 1.00 (6)
Invasive breast cancer 3.48 (105) 3.91 (114) 2.50 (28) 4.65 (58) 2.85 (291) 6.75(199) 3.45(110) 7.44 (43)
Invasive colorectal cancer 1.64 (43) 1.00 (31) 1.53 (17) 0.70 (8) 0.97 (106) 1.08 (27) 1.06 (35) 0.72 (4)
Invasive endometrial cancer 0.62 (19) 0.49 (12) 0.88 (10) 0.91 (10) 0.77 (79) 1.07 (30) 1.17 (40) 1.05 (6)
Hip fracture 1.65 (48) 1.32 (39) 1.74 (19) 0.57 (7) 1.22 (140) 1.45 (23) 0.97 (37) 1.77 (10)
Death from other causes 3.83(108) 3.71 (110)  3.99 (46) 3.10 (36) 4.44 (476) 3.68 (86) 3.92 (141) 2.62 (15)
Global index 16.47 (478) 18.47 (540) 15.69 (177) 17.32 (209) 15.36 (1,668) 18.04 (469) 15.63 (542) 17.38 (100)
Total invasive cancer 10.26 (303) 9.79 (282)  10.02 (114) 11.70 (141) 9.01 (956) 13.32 (370) 9.38 (311) 12.38 (71)
Total mortality 5.25 (150) 5.42 (156) 5.59 (64) 5.10 (60) 5.93 (640) 4.71 (112) 5.45(198) 3.47 (20)

Abbreviations: CEE, conjugated equine estrogens; HT, hormone therapy; MPA, medroxyprogesterone acetate.

@ Prior HT was defined relative to Women'’s Health Initiative enroliment in the clinical trials and in the nonuser groups in the observational study.
Prior HT in the user groups in the observational study was defined relative to the beginning of the ongoing HT episode at enroliment.

® Incidence rate per 1,000 person-years, adjusted to the 5-year age distribution in the clinical trials.

the greater hazard ratio elevation (P = 0.03) for invasive
breast cancer among such women (20). For CEE/MPA, the
global index pointed nonsignificantly in the unfavorable di-
rection, while total mortality and deaths from ‘‘other”
causes pointed nonsignificantly in the favorable direction,
among women with gap times less than 5 years.

Table 4 shows estimated hazard ratios for women who
began hormone therapy immediately following menopause,
based on analysis of combined data from the clinical trials
and the observational study. These analyses allowed the
hazard ratio to depend multiplicatively on gap time from
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menopause to first use of hormone therapy, with gap times
greater than 15 years being recoded as 15 years, as in pre-
vious analyses (19, 20). We also made a provision in these
analyses for residual confounding in the observational study
by including a multiplicative factor for the hormone therapy
hazard ratio in the observational study divided by the hor-
mone therapy hazard ratio in the clinical trials. A departure
from unity for this factor could suggest important residual
confounding in the observational study.

Prior hormone therapy users who initiated CEE/MPA ev-
idently experienced an elevated CHD risk within the first
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Table 2. Distribution of Subjects and Clinical Outcomes in the Women’s Health Initiative Clinical Trials and Corresponding Observational Study
Subcohorts, According to Prior® Use of Postmenopausal Hormone Therapy and Gap Time From Menopause to First Use of Hormone Therapy

Among Hormone Users, 1993—-2004

Gap Time, years

Clinical Trials

Observational Study

No Prior HT Prior HT No Prior HT Prior HT
<5 5-14 215 <5 5-14 215 <5 5-14 215 <5 5-14 215
Use of Conjugated Equine Estrogens
No. of women 198 618 1,136 2,129 294 113 6,626 1,454 597 1,662 213 30
% of women 10 32 58 84 12 4 76 17 7 87 11 2
No. of cases
Coronary heart disease 2 22 59 76 8 5 104 28 15 31 6 1
Stroke 3 19 46 72 3 3 119 39 13 42 7 3
Venous thromboembolism 1 6 25 51 4 4 59 30 12 15 3 0
Invasive breast cancer 4 21 40 4 2 188 36 11 46 5 0
Invasive colorectal cancer 1 16 26 0 0 37 3 23 1 0
Hip fracture 2 5 14 15 2 0 44 9 5 19 2 0
Death from other causes 3 15 51 76 7 2 201 43 30 50 11 1
Global index 15 68 202 308 22 15 689 164 75 203 29 5
Total invasive cancer 16 28 87 145 8 5 436 101 34 123 14 1
Total mortality 6 21 79 125 10 5 275 69 38 69 15 3
Use of Conjugated Equine Estrogens/Medroxyprogesterone Acetate
No. of women 952 2,338 2,160 1,864 302 63 4,257 1,115 338 916 113 17
% of women 17 43 40 84 14 3 75 20 6 88 11
No. of cases
Coronary heart disease 10 35 71 43 5 4 30 13 7 8 2 0
Stroke 6 37 53 28 3 3 27 7 3 8 0 0
Venous thromboembolism 8 50 52 35 5 0 39 13 8 3 3 0
Invasive breast cancer 22 46 46 51 6 1 160 34 5 40 3 0
Invasive colorectal cancer 14 15 3 0 20 3 1 1
Invasive endometrial cancer 2 5 5 7 1 2 25 2 0 0
Hip fracture 0 9 30 4 2 1 10 7 6 7 2 1
Death from other causes 8 41 61 29 7 0 51 21 14 12 3 0
Global index 54 205 281 171 29 9 340 88 41 85 13 2
Total invasive cancer 35 114 133 117 20 4 284 66 20 64 6 1
Total mortality 11 53 92 48 9 3 72 23 17 16 4 0

Abbreviation: HT, hormone therapy.

& Prior HT was defined relative to Women’s Heallth Initiative enroliment in the clinical trials and in the nonuser groups in the observational study.
Prior HT in the user groups in the observational study was defined relative to the beginning of the ongoing HT episode at enroliment.

2 years of restarting hormone therapy. The hazard ratio for
CEE was estimated to increase by a factor of 1.03 with an
increase of 5 years in gap time, but this factor was not
significantly different from 1. In addition, the ratio of the
overall hazard ratio in the observational study to that in the
clinical trials was not significantly different from 1 (esti-
mated as 0.91 for CEE and 0.99 for CEE/MPA) for either
regimen, providing little suggestion of residual confounding
for CHD in the observational study.

The stroke hazard ratios did not appear to depend on time
from menopause to first use of hormone therapy for either

regimen, so the previously noted stroke hazard ratio eleva-
tions may apply to recently postmenopausal women. There
was evidence of disagreement between hazard ratios from
the 2 cohorts, however, with hazard ratios from the obser-
vational study being approximately 40% lower than those
from the clinical trials.

The venous thromboembolism hazard ratio for CEE may
have increased with increasing years from menopause to
first use of hormone therapy; there was evidence for an in-
creased risk among women who started hormone therapy
soon after menopause, which was derived mainly from prior

Am J Epidemiol 2009;170:12-23
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Table 3. Estimated Hazard Ratios for Selected Clinical Outcomes According to Use of Conjugated Equine Estrogens and Conjugated Equine
Estrogens/Medroxyprogesterone Acetate, by Years From Menopause to First Use of Hormone Therapy and Prior Hormone Therapy in the
Women'’s Health Initiative Clinical Trials, 1993-2004

Use of Conjugated Use of Conjugated Equine Estrogens/
Equine Estrogens Medroxyprogesterone Acetate
Time From Menopause to First Use of Time From Menopause to First Use of
HT, years P for Gap Time HT, years P for Gap Time
<5 25 Interaction® <5 25 Interaction®
HR 95% CI HR 95% CI HR 95% CI HR 95% ClI

Coronary heart disease
No prior HT® —° 0.89 0.67,1.20 0.40 0.99 049,198 1.19 0.91,157 0.42
Prior HT 1.22 0.89,1.67 1.04 0.58,1.86 1.57 0.99,250 1.45 0.69, 3.06

Stroke
No prior HT — 1.64 1.12,2.41 0.96 092 038,224 1.31 0.96,1.79 1.00
Prior HT 1.36 0.98,1.90 0.56 0.20,1.28 1.20 0.71,2.03 1.10 0.46,2.68

Venous thromboembolism
No prior HT — 1.07 0.65,1.76 0.65 226 1.00,5.10 259 1.81,3.71 0.45
Prior HT 1.71 112,260 1.37 0.64,2.95 1.78 1.05,3.02 1.07 0.40, 2.81

Invasive breast cancer
No prior HT 112 0.39,3.21 0.58 0.36,0.93 0.20 1.77 1.07,293 0.99 0.74,1.31 0.03
Prior HT 1.00 0.66,1.51 0.77 0.33,1.80 2.06 1.30,3.27 1.30 0.57,2.99

Invasive colorectal cancer
No Prior HT — 1.10 0.61,1.99 0.34 — 0.72 0.42,1.16 0.42
Prior HT 143 0.82,251 — 0.35 0.13,0.94 —

Invasive endometrial cancer
No prior HT — — — — 0.57 0.26, 1.22 0.97
Prior HT — — 0.80 0.31,211 —

Hip fracture
No prior HT — 0.87 0.48, 1.60 0.58 — 0.81 0.53,1.24 0.04
Prior HT 0.54 0.30,099 — 0.25 0.09,0.74 —

Death from other causes®
No prior HT 115 0.50,2.69 091 0.70,1.19 0.14 0.66 0.31,1.40 1.05 0.80,1.37 0.21
Prior HT 1.27 0.99,1.63 0.76 0.45,1.30 0.69 0.44,1.11 0.79 0.36,1.76

Global index®
No prior HT 0.90 0.53,1.53 0.98 0.83,1.16 0.05 1.13 0.84,153 1.12 0.99,1.28 0.93
Prior HT 1.22 1.04,1.43 0.71 0.50, 1.00 1.11 0.90,1.37 1.09 0.77,1.55

Total invasive cancer
No prior HT 1.72 1.00,2.94 0.84 0.66,1.07 0.07 1.07 0.73,1.55 0.90 0.76,1.07 0.25
Prior HT 1.07 0.85,1.33 048 0.27,0.84 1.17 0.90,1.52 1.08 0.69,1.67

Total mortality
No prior HT 1.15 0.50,2.69 0.91 0.70,1.19 0.14 0.73 0.38,1.39 1.05 0.84,1.33 0.36
Prior HT 1.27 0.99,1.63 0.76 0.45,1.30 0.83 057,121 0.95 0.51,1.76

Abbreviations: Cl, confidence interval; HR, hazard ratio; HT, hormone therapy.

2 Interaction “score” test for product term between indicator variables for HT and gap time greater than or equal to 5 years in a Cox model that
allowed both the incidence rate and the HT hazard ratio to depend on prior HT.

® Prior postmenopausal HT was defined relative to enrollment in the Women’s Health Initiative clinical trials.

° HRs (and 1 P value) are not presented if there were fewer than 4 events among HT users.

9 Death from causes other than cardiovascular disease, breast cancer, colorectal cancer, endometrial cancer, or hip fracture.

® The global index is the time to first occurrence of the outcome listed above it, as well as noninvasive breast, colorectal, or endometrial
cancer.

Am J Epidemiol 2009;170:12-23



€2—21:01'600g [olwspidg r wy

Table 4. Estimated Hazard Ratios for Selected Clinical Outcomes According to Use of Conjugated Equine Estrogens and Conjugated Equine Estrogens/Medroxyprogesterone Acetate
Among Women who Began Hormone Therapy Immediately Following Menopause, From Combined Analysis of Women'’s Health Initiative Clinical Trial and Observational Study Data, 1993—

2004

Years From HT Initiation Among
Women With No Prior Use of HT

Years From “Current” HT Episode® Among
Women With Prior Use of HT

5-Year® Increase

Ratio® of HR in
Observational

in Gap Time Study to HR in
<2 2-4 25 <2 2-4 25 Clinical Trials
HR 95% CI HR 95% CI HR 95% CI HR 95% CI HR 95% ClI HR 95% CI HR 95% CI HR 95% CI
Coronary heart disease
CEE 1.06 0.56, 2.02 0.87 051,148 069 046,104 133 069,256 140 090,219 087 059,128 1.03 092,115 0.91 0.62, 1.32
CEE/MPA 126 0.72,2.18 1.11 0.64, 1.91 0.88 050,155 303 1.36,6.75 1.12 0.61,2.04 123 0.61,2.51 1.01 0.87,1.19 0.99 0.61,1.62
Stroke
CEE 1.75 0.83,3.71 176 092,334 168 1.06,266 156 0.72,3.41 0.95 058,154 157 1.04,236 096 0.86,1.08 0.68 0.44,1.04
CEE/MPA 1.68 0.82,3.42 163 088,302 178 093,340 139 052,375 146 0.76,280 0.75 0.33,1.71 090 0.75,1.09 055 0.31,0.99
Venous thromboembolism
CEE 0.94 0.35,251 0.89 041,193 084 0.47,1.51 293 1.02,840 146 0.79,269 1.02 062,166 1.13 0.98,1.31 0.74 0.43,1.26
CEE/MPA 530 258,10.89 217 1.16,404 212 1.16,3.89 183 0.81,4.13 2.03 1.01,407 0.61 024,154 095 0.80,1.14 0.79 0.46,1.36
Invasive breast cancer
CEE 1.17  0.46,2.98 1.17  0.65, 2.11 0.91 055,150 135 062,294 080 046,139 095 058,156 0.83 072,095 125 0.78, 2.01
CEE/MPA 0.98 0.55,1.74 199 1.30,3.04 279 182,430 126 065245 259 153,439 3.04 162,570 0.81 0.71,092 1.03 0.69, 1.53
Invasive colorectal cancer
CEE 1.44 049, 4.21 1.71 0.54,544 123 053,288 082 029,235 087 037,206 278 122,635 088 0.69,1.12 056 0.25 1.23
CEE/MPA 0.73  0.26, 2.05 0.51 021,126 055 021,144 052 0.13 2.11 0.30 0.08, 1.11 0.56 0.18,1.78 1.08 0.81,1.44 194 0.85,4.42
Invasive endometrial cancer
CEE/MPA 0.95 0.20, 4.62 097 035,270 178 068,465 036 0.07,1.74 089 032,248 072 023,227 088 065,118 097 0.40,2.38
Hip fracture
CEE 0.70  0.12,4.08 0.73 0.24,220 1.18 055,255 086 020,375 049 019,127 073 039,138 093 0.751.16 077 0.38,1.57
CEE/MPA 0.28  0.10, 0.80 0.37 0.15,093 023 0.09,056 0.81 0.21,3.17 032 0.11,093 044 013,146 134 102,175 274 135,554
Death from other causes®
CEE 1.13  0.50, 2.56 092 054,160 1.14 0.77,168 085 0.39,189 078 050,123 159 1.11,230 1.01 0.91, 1.11 0.69  0.48,0.99
CEE/MPA 0.91 0.46, 1.82 0.66 040,106 096 058,160 035 0.09 132 0.71 043,119 075 039,143 1.13 098,130 087 0.56,1.37
Global index®
CEE 122  0.86,1.72 112 086,146 1.04 085,127 118 084,165 097 0.78, 1.21 125 1.04,1.51 096 091,102 0.84 0.70,1.02
CEE/MPA 1.34 1.04,1.74 123 099,154 145 1.16,1.81 116 082,166 117 091,150 1.13 0.84,152 094 0.88,61.00 1.01 0.83,1.23
Total invasive cancer
CEE 154  0.96, 2.47 119 083,170 112 084,149 096 062,150 070 051,097 136 1.03,1.79 090 0.83,097 0.81 0.62, 1.06
CEE/MPA 1.03 0.73,1.45 122 093,160 155 1.18,205 084 055129 137 1.01,186 119 083,172 090 0.83,098 1.13 0.88,61.44
Total mortality
CEE 1.34 0.70,2.54 099 064,153 1.00 0.74,137 142 077,264 100 070,142 125 094,167 097 089,105 079 0.59 1.05
CEE/MPA 0.84 0.48,1.47 0.79 052,119 1.07 069,166 075 0.31,1.78 094 062,143 0.71 0.41,124 1.07 0.95,1.21 0.84 057,124

Abbreviations: CEE, conjugated equine estrogens; Cl, confidence interval; HR, hazard ratio; HT, hormone therapy; MPA, medroxyprogesterone acetate.

2 “Years from ‘current’ HT episode” refers to years from randomization in the clinical trials and years from the beginning of the HT episode ongoing at the time of enroliment in the observational study (see Materials

and Methods).

® HRs for CEE or CEE/MPA were estimated to change by this factor with a 5-year increase in gap time from menopause to first use of HT.
¢ Estimate of the overall ratio of CEE or CEE/MPA HRs between the observational study and the clinical trials, after controlling for the factors described in the text (see Materials and Methods).
9 Death from causes other than cardiovascular disease, breast cancer, colorectal cancer, endometrial cancer, or hip fracture.
¢ The global index is the time to first occurrence of the outcome listed above it (with breast, colorectal, and endometrial cancer, including noninvasive cancer).
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hormone therapy users. The hazard ratio for CEE/MPA
showed strong early elevations among recently postmeno-
pausal women without prior hormone therapy.

As was previously reported (19, 20), invasive breast can-
cer hazard ratios decreased with increasing gap time for
both regimens. Combined clinical trial and observational
study analyses suggested that recently postmenopausal
women experienced hazard ratio elevations after a few years
of CEE/MPA, whereas no clear hazard ratio effects were
suggested for CEE.

Chlebowski et al. (6) reported a 40% lower invasive co-
lorectal cancer hazard ratio among CEE/MPA users in the
clinical trials, but this reduction was accompanied by a more
advanced stage of disease at diagnosis. The ratio of the
hazard ratio for CEE/MPA from the observational study to
that from the clinical trials (Table 4) was 1.94 (95% confi-
dence interval: 0.85, 4.42), suggesting that this hazard ratio
reduction was not observed in the observational study data.
In contrast, this same ratio was 0.56 (95% confidence in-
terval: 0.25, 1.23) for CEE, and there was a suggestion of
a longer-term hazard ratio elevation among women initiat-
ing hormone therapy soon after menopause. Results from
more detailed colorectal cancer analyses that attempt to
elucidate the effects of hormone therapy on diagnosis have
recently been presented elsewhere (26).

The use of CEE/MPA soon after menopause did not show
any clear effect on invasive endometrial cancer incidence.
Overall hazard ratios agreed closely between the clinical
trials and the observational study.

Hazard ratios for hip fracture among recently postmeno-
pausal women tended to be reduced with either CEE or
CEE/MPA, though the numbers of cases were small. Note
that the hazard ratio for CEE/MPA was substantially higher
in the observational study than in the clinical trials, possibly
reflecting a tendency to prescribe this regimen to women at
elevated risk of fracture.

“Deaths from other causes” included all deaths not pre-
ceded by a diagnosis of 1 or more of the outcomes listed
above it (or by noninvasive breast, colorectal, or endome-
trial cancer) during WHI follow-up. Hazard ratios for CEE
in the observational study were lower overall than those in
the clinical trials, suggesting possible residual confounding
in the observational study.

The global index hazard ratio was elevated for CEE/MPA
and possibly also some years after starting CEE among prior
hormone therapy users. The global index hazard ratio for
CEE/MPA may have been higher among recently postmen-
opausal women than among women with long gap times,
partly reflecting elevations in breast cancer risk.

Hazard ratios for total invasive cancer similarly appeared
to be elevated among recently postmenopausal women fol-
lowing a few years of CEE/MPA use and may also have been
elevated after a few years of CEE use among prior hormone
therapy users. Note also that total cancer hazard ratios were
lower among women with longer gap times for both CEE and
CEE/MPA. In comparison, the hazard ratio for total mortal-
ity did not seem to be much affected by either regimen
among women initiating hormone therapy at menopause.

Table 5 shows analyses corresponding to those of Table 4,
with the follow-up time for a woman being censored 6
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months after a change in hormone therapy user group status.
The trends noted from Table 4 generally persisted in these
comparisons among adherent women. Differences in overall
hormone therapy hazard ratios between the clinical trials
and the observational study tended to be accentuated in
comparison with Table 4, raising concerns about observa-
tional analyses of hormone therapy and stroke (CEE and
CEE/MPA), hip fracture (CEE/MPA), death from other
causes (CEE), the global index (CEE), and total mortality
(CEE), especially in the absence of the type of residual
confounding provision made here. Some hazard ratios pre-
sented in Tables 4 and 5 were not precisely estimated. Web
Table 2 (http://aje.oxfordjournals.org/) shows the numbers
of clinical outcomes among hormone therapy users in the
observational study that contributed to hazard ratio estima-
tion, following the exclusion of observational study women
with missing data on potentially confounding factors in
Table 4, and numbers of contributing clinical outcomes
among hormone therapy users in the clinical trials and the
observational study following the adherence-related censor-
ing of Table 5.

Tables 4 and 5 suggest CEE and CEE/MPA hazard ratios
that were comparatively higher among women who had
relatively short gap times, not only for invasive breast can-
cer as previously reported (19, 20) but also for total invasive
cancer and, for CEE/MPA, possibly the global index. To
examine whether these gap time differences could be attrib-
uted to relatively longer durations of hormone therapy
among women with short gap times, we repeated the total
invasive cancer and global index analyses of Tables 4 and 5
with the addition of a linear interaction term for the inter-
action between years from hormone therapy initiation and
hormone therapy group assignment in the log hazard ratio
model. For total invasive cancer, the gap time association
remained significant (all P’s < 0.05), and the 5-year gap
time hazard ratio effects were essentially unchanged from
those shown in Tables 4 and 5 for both CEE and CEE/MPA.
For CEE/MPA and the global index, however, the gap time
association was not significant (P = 0.28 in Table 4 and P =
0.12 in Table 5), while there was some evidence for larger
hazard ratios with longer durations of use (P = 0.003 in
Table 4 and P = 0.04 in Table 5) beyond the hazard ratio
dependence on duration acknowledged through separate
hazard ratios for <2, 24, and >5 years from hormone
therapy initiation.

DISCUSSION

The effects of CEE and CEE/MPA did not depend signif-
icantly on gap time from menopause to first use of hormone
therapy for most clinical outcomes considered, either in
further analyses of clinical trial data or in combined clinical
trial and observational study data analyses. An important
exception was breast cancer (19, 20), where hazard ratios
tended to be higher among women who initiated hormone
therapy soon after menopause as compared with women
who had longer gap times. In part because of the breast
cancer results, the total invasive cancer hazard ratios were
also comparatively higher among women who started using
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Table 5. Estimated Hazard Ratios for Selected Clinical Outcomes According to Use of Conjugated Equine Estrogens and Conjugated Equine Estrogens/Medroxyprogesterone Acetate
Among Women who Began Hormone Therapy Immediately Following Menopause and Adhered to Their Hormone Therapy Regimen, From Combined Analysis of Women'’s Health Initiative

Clinical Trial and Observational Study Data, 1993-2004

Years From HT Initiation Among
Women With No Prior Use of HT

Years From “Current” HT Episode® Among
Women With Prior Use of HT

5-Year® Increase

Ratio® of HR in
Observational

in Gap Time Study to HR in
<2 2-4 25 <2 2-4 25 Clinical Trials
HR 95% CI HR 95% ClI HR 95% CI HR 95% CI HR 95% CI HR 95% CI HR 95% CI Ratio 95% CI

Coronary heart disease

CEE 112 0.55,2.24 0.99 049,200 060 035 1.04 1.26 0.64, 2.46 152 0.81,286 0.86 0.48, 1.52 0.98 0.85,1.12 1.05 0.63, 1.76

CEE/MPA 1.42 0.76,2.65 1.37 071,267 124 061,250 2.70 1.11, 6.52 1.10 046,263 2.18 0.77,6.19 1.01  0.84,1.22 0.76 0.41,1.42
Stroke

CEE 1.49 0.68,3.28 245 1.06,565 246 129,470 143 0.61, 3.39 156 0.81,3.03 2.39 1.25, 4.56 1.01 0.89,1.15 0.46 0.25, 0.84

CEE/MPA 158 0.69, 3.66 217 099,480 348 136,896 1.73 0.53, 5.59 1.05 045,245 148 0.51, 4.29 091 0.72,1.14 0.33 0.14,0.78
Venous thromboembolism

CEE 112 040, 3.17 0.80 0.30,2.15 099 046,214 409 1.28,13.11 219 097,495 156 0.73, 3.31 112 0.95,1.33 0.61 0.30, 1.26

CEE/MPA 6.44 279,1485 3.15 147,674 269 128,563 1.65 0.70, 3.89 237 088,643 1.64 0.41, 6.59 1.01 0.83,1.23 0.62 0.32,1.20
Invasive breast cancer

CEE 1.44 0.54,3.84 115 057,232 1.00 054,184 1.63 0.68, 3.91 0.82 042,157 0.91 0.49, 1.69 0.85 0.73,0.98 1.07 0.60, 1.93

CEE/MPA 1.05 0.56,1.97 218 131,363 3.15 190,520 1.79 0.84, 3.83 4.02 203,798 3.14 1.46, 6.75 0.80 0.69, 0.93 1.06 0.66, 1.71
Invasive colorectal cancer

CEE 1.42 045,452 191 044,837 212 055,816 0.95 0.32, 2.82 044 0.12,166 443 1.13,17.38 0.90 0.67,1.21 0.32 0.09, 1.17

CEE/MPA 0.54 0.16,1.77 046 0.16,1.36 050 0.16,1.58 0.53 0.13,2.22 0.27 0.06,1.28 0.71 0.17, 3.07 121  0.88,1.68 1.85 0.68, 5.01
Invasive endometrial cancer

CEE/MPA 150 0.21,1067 1.60 040,645 197 054,713 0.33 0.04, 2.87 0.56 0.14,2.31 0.82 0.17, 3.90 0.72  0.48,1.09 1.13 0.35, 3.67
Hip fracture

CEE 0.46 0.04,4.88 0.53 0.11,251 069 0.19,256 0.60 0.11,3.24 0.13 0.02,1.08 0.54 0.16, 1.76 1.01  0.77,1.31 0.96 0.28, 3.32

CEE/MPA 0.35 0.10,1.17 0.33 0.10,1.10 022 0.07,0.71 0.94 0.19, 4.58 0.26 0.05,1.25 0.43 0.09, 2.07 129 0.94,1.78 3.10 1.20, 7.98
Death from other causes®

CEE 126 0.42,3.81 1.04 043,253 1.88 090,393 1.29 0.51, 3.21 0.82 041,163 3.16 1.53, 6.55 1.01  0.90,1.14 0.38 0.18, 0.76

CEE/MPA 0.96 0.43,2.14 0.70 0.34,142 087 040,188 0.18 0.02, 1.47 0.69 0.30,1.61 0.75 0.26, 2.13 1.09 0.91,1.31 0.97 0.48,1.95
Global index®

CEE 126 0.86,1.83 123 087,175 1.18 0.89,157 1.29 0.90, 1.85 1.03 0.76,1.39 153 1.15,2.03 0.97 0.91,1.038 0.70 0.53, 0.91

CEE/MPA 153 1.14,2.05 156 1.18,2.06 1.89 142,249 1.28 0.86, 1.91 1.32 094,185 143 0.96, 2.11 0.92 0.85,0.99 0.86 0.67,1.11
Total invasive cancer

CEE 1.72 1.04,2.83 1.07 068,169 1.17 0.80,1.70 1.12 0.70, 1.81 0.74 0.49,1.11 1.40 0.96, 2.02 0.91 0.83,0.99 0.77 0.54, 1.11

CEE/MPA 114 0.78,1.67 149 1.08,2.07 182 131,253 1.01 0.64, 1.61 148 0.99,222 142 0.90, 2.25 0.88 0.80, 0.97 1.06 0.79, 1.43
Total mortality

CEE 1.62 0.75,3.53 126  0.66, 2.41 1.35 0.82,224 219 1.08, 4.47 1.06 0.62,1.83 1.92 1.16, 3.19 0.97 0.88,1.07 0.53 0.33, 0.86

CEE/MPA 0.83 0.43,1.60 0.89 050,160 1.13 059,216 0.5 0.18, 1.63 0.84 043,166 0.90 0.38, 2.14 1.09 0.93,1.27 0.76 0.43,1.37

Abbreviations: CEE, conjugated equine estrogens; Cl, confidence interval; HR, hazard ratio; HT, hormone therapy; MPA, medroxyprogesterone acetate.
2 “Years from ‘current’ HT episode” refers to years from randomization in the clinical trials and years from the beginning of the HT episode ongoing at the time of enroliment in the observational study (see Materials

and Methods).

® HRs for CEE or CEE/MPA were estimated to change by this factor with a 5-year increase in gap time from menopause to first use of HT.
¢ Estimate of the overall ratio of CEE or CEE/MPA HRs between the observational study and the clinical trials, after controlling for the factors described in the text (see Materials and Methods).
9 Death from causes other than cardiovascular disease, breast cancer, colorectal cancer, endometrial cancer, or hip fracture.
¢ The global index is the time to first occurrence of the outcome listed above it (with breast, colorectal, and endometrial cancer, including noninvasive cancer).
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CEE or CEE/MPA soon after menopause, as were the global
index hazard ratios for CEE/MPA.

The interpretation of these hazard ratio effects is compli-
cated, for several reasons. First, there is the multiple testing
issue. One would expect approximately 3 of the 95% con-
fidence intervals in Tables 4 and 5 to exclude 1 by chance
alone. Another reason for a cautious interpretation, and a
limitation of the current analyses more generally, is that
hazard ratios pertaining to 5 or more years from hormone
therapy initiation were derived mainly from the observa-
tional study. In addition, there were few recently post-
menopausal women without prior hormone therapy who
were followed in WHI during their early years of hormone
therapy use, so corresponding hazard ratios were impre-
cisely estimated and may have depended on modeling
assumptions.

Cohort studies that enroll large numbers of women prior
to menopause and follow them for some years beyond men-
opause can be expected to have greater precision for esti-
mating these short-term usage hazard ratios. However, the
fact that hormone therapy hazard ratios for some outcomes
differed between the clinical trials and the observational
study in Tables 4 and 5 suggests that standard methods for
controlling confounding and other biases may be insuffi-
cient in a purely observational analysis (e.g., stroke, hip
fracture, death from other causes, global index, total mor-
tality). In comparison, the clinical trials “anchored” the
analyses presented here and allowed a residual hazard ratio
bias factor to be incorporated for the observational study.
Such allowance, however, may not have fully addressed the
residual confounding issue.

In summary, the results presented here suggest that the
unfavorable balance of benefits and risks observed in the
CEE/MPA trial as a whole also applies to recently meno-
pausal women. For CEE, benefits and risks appeared to be
approximately balanced among recently menopausal
women, as was also observed overall in the CEE trial.
WHI data provide little support for the estrogen timing hy-
pothesis concerning CHD risk or concerning the benefit-
versus-risk summary measures considered here.

ACKNOWLEDGMENTS

Author affiliations: Division of Public Health Sciences,
Fred Hutchinson Cancer Research Center, Seattle, Washing-
ton (Ross L. Prentice, Garnet L. Anderson, Mary Pettinger);
Division of Preventive Medicine, Brigham and Women’s
Hospital and Harvard Medical School, Boston, Massachu-
setts (JoAnn E. Manson); Outcomes Research Institute,
Geisinger Health System, Danville, Pennsylvania (Robert
D. Langer); Division of Endocrinology, Department of In-
ternal Medicine, College of Medicine, Ohio State Univer-
sity, Columbus, Ohio (Rebecca D. Jackson); Department of
Preventive Medicine, Health Sciences Center, University of
Tennessee, Memphis, Tennessee (Karen C. Johnson);
Department of Epidemiology, Graduate School of Public
Health, University of Pittsburgh, Pittsburgh, Pennsylvania

Am J Epidemiol 2009;170:12-23

(Lewis H. Kuller); Department of Preventive Medicine,
School of Medicine, State University of New York, Stony
Brook, New York (Dorothy S. Lane); Department of Social
and Preventive Medicine, School of Public Health and
Health Professions, University at Buffalo, State University
of New York, Buffalo, New York (Jean Wactawski-Wende);
Health Science Center, University of Texas, San Antonio,
Texas (Robert Brzyski); Department of Family and Preven-
tive Medicine, School of Medicine, University of California,
San Diego, La Jolla, California (Matthew Allison); Depart-
ment of Preventive and Behavioral Medicine, University of
Massachusetts Medical School, Worcester, Massachusetts
(Judith Ockene); Department of Obstetrics and Gynecology,
School of Medicine and Public Health, University of Wis-
consin, Madison, Wisconsin (Gloria Sarto); and National
Heart, Lung, and Blood Institute, Bethesda, Maryland
(Jacques E. Rossouw).

The Women’s Health Initiative (WHI) is supported by
contracts from the National Heart, Lung, and Blood Insti-
tute. The current work was partially supported by grant
CA53996 from the National Cancer Institute.

The authors thank the WHI investigators and staff for
their outstanding dedication and commitment. A list of
key investigators involved in this research follows. A full
listing of WHI investigators can be found at the following
website: http://www.whi.org.

WHI Program Office: National Heart, Lung, and Blood
Institute, Bethesda, Maryland—Elizabeth Nabel, Jacques
Rossouw, Shari Ludlam, Linda Pottern, Joan McGowan,
Leslie Ford, and Nancy Geller. WHI Clinical Coordinating
Center: Fred Hutchinson Cancer Research Center, Seattle,
Washington—Ross Prentice, Garnet Anderson, Andrea
LaCroix, Charles L. Kooperberg, Ruth E. Patterson, Anne
McTiernan; Wake Forest University School of Medicine,
Winston-Salem, North Carolina—Sally Shumaker; Medical
Research Labs, Highland Heights, Kentucky—Evan Stein;
University of California, San Francisco, San Francisco,
California—Steven Cummings. WHI clinical centers: Albert
Einstein College of Medicine, Bronx, New York—Sylvia
Wassertheil-Smoller; Baylor College of Medicine, Houston,
Texas—Aleksandar Rajkovic; Brigham and Women’s Hos-
pital, Harvard Medical School, Boston, Massachusetts—
JoAnn Manson; Brown University, Providence, Rhode
Island—Annlouise R. Assaf; Emory University, Atlanta,
Georgia—Lawrence Phillips; Fred Hutchinson Cancer
Research Center, Seattle, Washington—Shirley Beresford;
George Washington University Medical Center, Washing-
ton, DC—Judith Hsia; Los Angeles Biomedical Research
Institute at Harbor-UCLA Medical Center, Torrance,
California—Rowan Chlebowski; Kaiser Permanente Center
for Health Research, Portland, Oregon—Evelyn Whitlock;
Division of Research, Kaiser Permanente, QOakland,
California—Bette Caan; Medical College of Wisconsin,
Milwaukee, Wisconsin—Jane Morley Kotchen; MedStar
Research  Institute/Howard  University, =~ Washington,
DC—Barbara V. Howard; Northwestern University, Chicago/
Evanston, Illinois—Linda Van Horn; Rush Medical Center,
Chicago, Illinois—Henry Black; Stanford Prevention
Research  Center, Stanford, California—Marcia L.
Stefanick; State University of New York at Stony Brook,


http://www.whi.org

22 Prentice et al.

Stony Brook, New York—Dorothy Lane; The Ohio State
University, Columbus, Ohio—Rebecca Jackson; University
of Alabama at Birmingham, Birmingham, Alabama—Cora
E. Lewis; University of Arizona, Tucson/Phoenix, Arizona—
Tamsen Bassford; University at Buffalo, State University of
New York, Buffalo, New York—Jean Wactawski-Wende;
University of California, Davis, Sacramento, California—
John Robbins; University of California, Irvine, Irvine,
California—F. Allan Hubbell; University of California,
Los Angeles, Los Angeles, California—Howard Judd; Uni-
versity of California, San Diego, LaJolla/Chula Vista,
California—Robert D. Langer; University of Cincinnati,
Cincinnati, Ohio—Margery Gass; University of Florida,
Gainesville/Jacksonville, Florida—Marian Limacher; Uni-
versity of Hawaii, Honolulu, Hawaii—David Curb; Univer-
sity of Iowa, Iowa City/Davenport, lowa—Robert Wallace;
University of Massachusetts/Fallon Clinic, Worcester,
Massachusetts—Judith Ockene; University of Medicine
and Dentistry of New Jersey, Newark, New Jersey—
Norman Lasser; University of Miami, Miami, Florida—Mary
Jo O’Sullivan; University of Minnesota, Minneapolis,
Minnesota—Karen Margolis; University of Nevada, Reno,
Nevada—Robert Brunner; University of North Carolina,
Chapel Hill, North Carolina—Gerardo Heiss; University
of Pittsburgh, Pittsburgh, Pennsylvania—Lewis Kuller; Uni-
versity of Tennessee, Memphis, Tennessee—Karen C. Johnson;
University of Texas Health Science Center, San Antonio,
Texas—Robert Brzyski; University of Wisconsin, Madi-
son, Wisconsin—Gloria E. Sarto; Wake Forest University
School of Medicine, Winston-Salem, North Carolina—
Denise Bonds; Wayne State University School of Medicine/
Hutzel Hospital, Detroit, Michigan—Susan Hendrix.
Wyeth Pharmaceuticals (Madison, New Jersey) provided
the medication tested in this study. Dr. Robert D. Langer has
been a recent (2008) consultant for Wyeth Pharmaceuticals.
The authors have no other potential conflicts of interest.

REFERENCES

1. Rossouw JE, Anderson GL, Prentice RL, et al. Risks and
benefits of estrogen plus progestin in healthy postmeno-
pausal women: principal results from the Women’s Health
Initiative randomized controlled trial. JAMA. 2002;288(3):
321-333.

2. Manson JE, Hsia J, Johnson KC, et al. Estrogen plus progestin
and the risk of coronary heart disease. N Engl J Med. 2003;
349(6):523-534.

3. Wassertheil-Smoller S, Hendrix SL, Limacher M, et al. Effect
of estrogen plus progestin on stroke in postmenopausal
women: the Women’s Health Initiative: a randomized trial.
JAMA. 2003;289(20):2673-2684.

4. Cushman M, Kuller LH, Prentice R, et al. Estrogen plus pro-
gestin and risk of venous thrombosis. JAMA. 2004;292(13):
1573-1580.

5. Chlebowski RT, Hendrix SL, Langer RD, et al. Influence of
estrogen plus progestin on breast cancer and mammography
in healthy postmenopausal women. The Women’s Health
Initiative randomized trial. JAMA. 2003;289(24):3243—
3253.

10.

11.

12.

13.

14.

15.

16.

17.

19.

20.

21.

22.

23.

. Chlebowski RT, Wactawski-Wende J, Ritenbaugh C, et al.

Estrogen plus progestin and colorectal cancer in postmeno-
pausal women. N Engl J Med. 2004;350(10):991-1004.

. Cauley JA, Robbins J, Chen Z, et al. Effects of estrogen plus

progestin on risk of fracture and bone mineral density: the
Women’s Health Initiative randomized trial. JAMA. 2003;
290(13):1729-1738.

. Anderson GL, Judd HL, Kaunitz AM, et al. Effects of estrogen

plus progestin on gynecologic cancers and associated diag-
nostic procedures: the Women’s Health Initiative randomized
trial. JAMA. 2003;290(13):1739-1748.

. Anderson GL, Limacher M, Assaf AR, et al. Effects of con-

jugated equine estrogen in postmenopausal women with hys-
terectomy: the Women’s Health Initiative randomized
controlled trial. JAMA. 2004;291(14):1701-1712.

Hsia J, Langer RD, Manson JE, et al. Conjugated equine es-
trogens and coronary heart disease: the Women’s Health Ini-
tiative. Arch Intern Med. 2006;166(3):357-365.

Hendrix SL, Wassertheil-Smoller S, Johnson KC, et al. Effects
of conjugated equine estrogen on stroke in the Women’s
Health Initiative. Circulation. 2006;113(20):2425-2434.
Curb JD, Prentice RL, Bray PF, et al. Venous thrombosis and
conjugated equine estrogen in women without a uterus. Arch
Intern Med. 2006;166(7):772-780.

Stefanick ML, Anderson GL, Margolis KL, et al. Effects of
conjugated equine estrogens on breast cancer and mammog-
raphy screening in postmenopausal women with hysterectomy.
JAMA. 2006;295(14):1647-1657.

Jackson RD, Wactawski-Wende J, LaCroix AZ, et al. Effects
of conjugated equine estrogen on risk of fractures and BMD in
postmenopausal women with hysterectomy: results from the
Women’s Health Initiative randomized trial. J Bone Miner
Res. 2006;21(6):817-828.

Ritenbaugh C, Stanford JL, Wu L, et al. Conjugated equine
estrogens and colorectal cancer incidence and survival: the
Women’s Health Initiative randomized clinical trial. Cancer
Epidemiol Biomarkers Prev. 2008;17(10):2609-2618.

Curb JD, McTiernan A, Heckbert SR, et al. Outcomes ascer-
tainment and adjudication methods in the Women’s Health
Initiative. Ann Epidemiol. 2003;13(suppl):S122-S128.
Prentice RL, Langer R, Stefanick ML, et al. Combined post-
menopausal hormone therapy and cardiovascular disease: to-
ward resolving the discrepancy between observational studies
and the Women’s Health Initiative clinical trial. Am J Epide-
miol. 2005;162(5):404-414.

. Prentice RL, Langer RD, Stefanick ML, et al. Combined

analysis of Women’s Health Initiative observational and clin-
ical trial data on postmenopausal hormone treatment and car-
diovascular disease. Am J Epidemiol. 2006;163(7):589-599.
Prentice RL, Chlebowski RT, Stefanick ML, et al. Conjugated
equine estrogens and breast cancer risk in the Women’s Health
Initiative clinical trial and observational study. Am J Epide-
miol. 2008;167(12):1407-1415.

Prentice RL, Chlebowski RT, Stefanick ML, et al. Estrogen
plus progestin therapy and breast cancer among recently
postmenopausal women. Am J Epidemiol. 2008;167(10):
1207-1216.

Rossouw JE, Prentice RL, Manson JE, et al. Postmenopausal
hormone therapy and risk of cardiovascular disease by age and
years since menopause. JAMA. 2007;297(13):1465-1477.
Manson JE, Allison MA, Rossouw JE, et al. Estrogen therapy
and coronary-artery calcification. N Engl J Med. 2007;356(25):
2591-2602.

Barrett-Connor E. Hormones and heart disease: the timing
hypothesis. Am J Epidemiol. 2007;166(5):506-510.

Am J Epidemiol 2009;170:12-23



Hormone Therapy Effects Among Recently Postmenopausal Women 23

24. Manson JE, Bassuk SS. Hormone therapy and risk of coronary 26. Prentice RL, Pettinger M, Beresford SA, et al. Colorectal
heart disease—why renew the focus on early years of meno- cancer in relation to postmenopausal estrogen and estrogen
pause? Am J Epidemiol. 2007;166(5):511-517. plus progestin in the Women’s Health Initiative clinical trial

25. Cox DR. Regression models and life tables (with discussion). and observational study. Cancer Epidemiol Biomarkers Prev.
J R Stat Soc Series B. 1972;34:187-220. 2009;18(5):1531-1537.

Am J Epidemiol 2009;170:12-23



